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Abstract
In Botswana, increased development and motorization have brought increased road traffic-related 
death rates. Between 1981 and 2001, the road traffic-related death rate in Botswana more than 
tripled. The country has taken several steps over the last several years to address the growing 
burden of road traffic crashes and particularly to address the burden of alcohol-related crashes. 
This study examines the impact of the implementation of alcohol and road safety-related policies 
on crash rates, including overall crash rates, fatal crash rates, and single-vehicle nighttime fatal 
(SVNF) crash rates, in Botswana from 2004 to 2011. The overall crash rate declined significantly 
in June 2009 and June 2010, such that the overall crash rate from June 2010 to December 2011 
was 22% lower than the overall crash rate from January 2004 to May 2009. Additionally, there 
were significant declines in average fatal crash and SVNF crash rates in early 2010. Botswana’s 
recent crash rate reductions occurred during a time when aggressive policies and other activities 
(e.g., education, enforcement) were implemented to reduce alcohol consumption and improve road 
safety. While it is unclear which of the policies or activities contributed to these declines and to 
what extent, these reductions are likely the result of several, combined efforts.
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1. Introduction
More than 1.24 million people are killed on the world’s roads each year with low and 
middle-income countries (LMICs) bearing a disproportionate burden (WHO, 2013). While 
94% of road traffic-related deaths occur in LMICs, these countries represent 84% of the 
world’s population and have just over half of the world’s registered vehicles (WHO, 2013). 
The disproportionate road traffic injury burden of LMICs is further evident in regional death 
rates. The average road traffic-related death rate among the World Health Organization’s 
(WHO) African Region is 24.1 deaths per 100,000 population, compared to 10.3 deaths per 
100,000 population for countries in the WHO’s European Region (WHO, 2013). Increased 
death rates in LMICs are driven, at least in part, by rapid motorization with a lack of 
concomitant road safety strategy implementation and safe road infrastructure development 
(Borowy, 2013; WHO, 2013). In Botswana, the situation is similar.
Botswana is a middle income country with approximately 2 million people (WHO 2013). 
Between 1981 and 2001, the road traffic-related death rate in Botswana more than tripled 
from 9.9 to 32.4 deaths per 100,000 population (Botswana Police Service, 2013). The 
majority of road traffic deaths (55%) are occupants of 4-wheeled cars and light trucks 
(WHO 2013). Over the last several years, the Government of Botswana has taken several 
steps to address both the overall growing burden of road traffic crashes and more 
specifically the problem of alcohol-related crashes, as part of a larger national effort to 
reduce alcohol use and abuse.
In October 2008, the Levy on Alcohol Beverages Fund Order was passed in Botswana, 
creating a 30% levy on alcohol products (Pitso & Obot, 2011). The purpose of the levy was 
to reduce alcohol consumption and related harms, including alcohol-impaired driving. Funds 
from the levy were designated to support programs targeting alcohol abuse and related 
harms. Two years later, in November 2010, the alcohol levy was further increased to 40% 
under the Levy on Alcohol Beverages Fund (Amendment) Order, 2010. The Amendment 
again called for funds raised by the levy to be used to prevent and reduce alcohol-related 
harms, including supporting police efforts to curb alcohol-impaired driving.
Legislation specifically aimed at improving overall road safety was also adopted during this 
time period. In April 2009, the Road Traffic Act of 2008 went into effect, increasing 
penalties and fines for several road traffic offenses, including driving without a license, 
speeding, alcohol-impaired driving, and failure to obey traffic signs and signals, among 
others. Under this new law, fines increased, nearly doubling for some offenses. For example, 
the fine for alcohol-impaired driving increased from 1,000–3,000 Botswana pula (bwp) (or 
about $115–$350 USD) or imprisonment of 1.5–2 years to 2,000–5,000 bwp (or about 
$250–$620 USD) or imprisonment of 2–5 years.
Findings from studies examining the effects of similar alcohol and road traffic policies on 
road traffic-related injuries and deaths have been mixed. Studies examining the effects of 
increased alcohol taxes have generally found reductions in fatal and alcohol-impaired road 
traffic crash rates (Chaloupka et al., 2002; Elder et al., 2010; Wagenaar et al., 2010). 
However, research on the effects of increased traffic offense penalties and fines has been 
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inconsistent. Some studies indicate that certain penalties and fines may change behavior and 
reduce crash-related injuries and deaths, while other studies have shown no effect 
(Bjornskau & Elvik, 1992; Elvik & Christensen, 2007; Novoa et al., 2011; Wagenaar et al., 
2007; Zambon et al., 2007). Furthermore, most of the research examining the effects of 
alcohol and road traffic policy implementation on crashes and injuries comes from high-
income nations, and to our knowledge, there is no published research from sub-Saharan 
Africa on this subject. The purpose of the present study was to examine the impact of the 
implementation of these policies on road traffic crash rates, including overall crash rates, 
fatal crash rates, and single-vehicle nighttime fatal (SVNF) crash rates (a commonly used 
surrogate for alcohol-impaired crash rates), in Botswana from 2004 to 2011.
2. Methods
2.1 Data Sources
Road traffic crash data from January 2004 through December 2011 were obtained from 
Botswana’s Police Service, Traffic Branch Database. The Traffic Branch Database contains 
data on road traffic crashes that occur on public roadways in Botswana. Crash reports are 
filed by police in every jurisdiction and centrally compiled at the Police Traffic Branch 
Headquarters in the capital, Gaborone. A crash is defined as any collision between one or 
more vehicles (i.e., any structure which is designed to be propelled or drawn on land) and 
includes single or multiple vehicle collisions of passenger vehicles (e.g., personal car, van, 
or light truck), motorcycles, or commercial vehicles, as well as crashes between a vehicle 
and a bicycle or pedestrian.
To observe whether the implementation of alcohol levies and increased traffic offense 
penalties and fines had an impact on different types and severities of crashes, we conducted 
an interrupted time series analysis of monthly crash rates for all crashes, fatal crashes, and 
SVNF crashes. Because it can be difficult to obtain blood alcohol concentration (BAC) 
readings from drivers involved in crashes in most countries, including Botswana, proxy 
variables for alcohol-impaired crashes are frequently used (Shults et al., 2001). Commonly 
used proxy variables include both fatal crashes and SVNF crashes, among others (Shults et 
al., 2001).
As the number of crashes was expected to increase during this time period, in part because 
of increased ownership and use of motor vehicles, rates were calculated using a denominator 
that attempted to capture this increased road use. Rates calculated as crashes per vehicle 
miles traveled (VMT) are frequently used in traffic safety studies. However, reliable VMT 
estimates are not currently available for Botswana. As a surrogate for VMT, we used fuel 
volume sales for the rate denominator, which has been used in numerous other international 
traffic studies (Novoa et al., 2011; Sukhai et al., 2011; Zambon et al., 2007).
We obtained fuel volume sales data from the Botswana Department of Energy (DoE) and 
from the Motor Vehicle Accident Fund (MVAF). The DoE and the MVAF data both 
included tabulations of fuel volume sales but each data source captured sales for different 
reporting intervals during different time frames. Fuel volume sales data from the DoE were 
available for the entire time period (i.e., January 2004 through December 2011) but volume 
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was tabulated on an annual basis. Fuel volume sales data from the MVAF were tabulated on 
a monthly basis but were only available for January 2008 through December 2010. To 
obtain monthly estimates for the entire time period, monthly fuel volume sales were 
interpolated from the DoE data using the Expand procedure in SAS (v9.2, SAS Institute 
Inc., Cary, NC). This procedure fits cubic spline curves to the annual estimates and then 
generates monthly values from the spline approximations. These monthly estimates were 
used for the periods of January 2004 through December 2007 and for January 2011 through 
December 2011. MVAF fuel volume sales data were used for the period of January 2008 
through December 2010.
2.2 Statistical analysis
Crash rates were calculated by dividing the number of monthly crashes by the monthly fuel 
volume sales. Overall crash, fatal crash, and SVNF crash rates were calculated as crashes 
per 10 million liters (ML) of fuel volume sales.
We used interrupted time series analyses to determine whether and when changes in crash 
rates occurred. To examine potential changes in crash rates, each of the three time series 
were first evaluated for autocorrelation using the ARIMA procedure in SAS (v9.2, SAS 
Institute Inc., Cary, NC). Autocorrelation was present only in the overall crash time series, 
so we examined this series using Box-Jenkins time series intervention analysis (Bowerman, 
O’Connell, & Koehler, 2005; Box & Tiao, 1975). For the fatal and SVNF crash time series, 
Poisson regression was used.
The Box-Jenkins intervention analysis was conducted as part of an exploratory approach to 
deduce from the data whether and when reductions in overall crash rates occurred 
(Helfenstein, 1990). A two-stage process was used to conduct the time series intervention 
analysis. We first determined a Box-Jenkins model describing the monthly crash rates from 
January 2004 through October 2008 (i.e., the months preceding policy implementation). 
Using the sample autocorrelation function and the sample partial autocorrelation function, 
we identified this stationary portion of the time series as a nonseasonal autoregressive model 
of order 1 (AR(1)). Because of heterogeneity of variance in the series, we modeled the 
natural log of the rates instead of the rates. A constant term was included in the model since 
the mean of the series was nonzero. Overall fit of the model and model diagnostics were 
assessed by examining the model standard error, Ljung-Box statistic, autocorrelation plots of 
the residuals, and by conducting outlier analysis. Calendar effects (i.e., variation in rates 
from differing numbers of higher crash days in a month, such as Fridays, Saturday, and 
holidays) were not included in the model due their limited impact in an irregular series over 
a long span of time (US Bureau of the Census, 1965).
During the second stage of the process, we identified potential months of marked decreases 
in the overall crash rates that occurred after October 2008, and performed Box-Jenkins 
intervention analyses with each potential month of change in successive models. We 
identified potential months of change by examining plots of the series by month, as well as a 
plot of the series of monthly differences (Helfenstein, 1990). Each potential month was 
included as a step function in the model, with a dummy variable coded as 0 for all months 
preceding the potential rate decrease and coded as 1 for the month of decrease and for all 
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months following the decrease. Decreases in the log-transformed crash rates appeared to 
occur between April and June 2009, with rates continuing to decrease 12 months later. To 
model the prolonged decrease in rates, we included two step functions in the model: one 
indicating an April/May/June 2009 time frame as the initiation of the rate decrease, and 
another step function indicating a continuing decrease during the April/May/June 2010 time 
frame (Helfenstein, 1991). The onset of the rate decreases was investigated as either abrupt 
with a permanent effect or as gradual with a permanent effect. Models of all possible 
combinations of 2009 and 2010 step functions and onset types were analyzed with the best 
model identified as that with the smallest residual variance and smallest Akaike information 
criterion (AIC) (Helfenstein, 1990). We assessed changes in crash rates by examining the 
coefficients and tests of significance of the step functions from the final model. Model 
diagnostics were performed, as in the first stage of analysis described above. A two-sided p-
value <0.05 was considered statistically significant.
A similar two-stage approach was used for the analysis of the fatal and SVNF crash time 
series. We developed Poisson regression models characterizing the first 58 months of each 
series (the months preceding any policy implementation). Variables representing seasonal 
trend (month of year as a categorical variable, coded as 1 through 12), secular trend (month 
as a continuous variable, coded 1 through 58), and the number of Fridays and Saturdays in 
each month were entered into the models and evaluated for inclusion in the final models. 
Other variables considered but ultimately excluded from the analysis included gross 
domestic product (GDP) and geographic area of the crash (urban versus rural location). We 
excluded GDP due to its correlation with fuel sales, while location of the crash was omitted 
due to large measurement error in the variable. Deviance and Pearson chi-square statistics 
and residual plots were used to evaluate model goodness of fit. In the second stage of the 
analysis, we identified potential months of rate reductions by examining plots of monthly 
series, and for SVNF crashes, plots of rates by quarter. Based on these plots, step function 
dummy variables were created for each month between November 2009 and May 2010 and 
were entered into the models one at a time to test for abrupt changes in the average rate of 
the series. An interaction term of the dummy variable with the secular trend variable was 
included in the fatal crash model to test for change in the magnitude and direction of the 
trend of the series. For the SVNF crash model, a quadratic term was entered into the model 
to better capture the secular trend. Variables were considered significant to the models at 
p<0.05. All analyses were carried out using SAS, version 9.2 (SAS Institute Inc., Cary, NC).
3. Results
Between January 2004 and December 2011, a total of 149,614 crashes occurred on public 
roads in Botswana (Table 1). The total number of crashes ranged from a high of 20,414 
crashes in 2008 to a low of 17,037 in 2006. Annual crash rates were highest in 2004 and 
2008 (244 and 243 crashes per 10 ML fuel sales, respectively) and lowest in 2011 (184 
crashes per 10ML fuel sales). The number of fatal crashes ranged from a high of 407 in 
2004 to a low of 322 in 2006, and fatal crash rates ranged from a high of 5.5 in 2004 to a 
low of 3.5 in 2010. Similarly, the number of SVNF crashes ranged from a high 150 in 2004 
to a low of 115 in 2006 and rates ranged from 2.0 in 2004 to 1.4 in 2010.
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Monthly overall crash, fatal crash, and SVNF crash rates showed considerable variation 
(Figures 1–3). Overall crash rates ranged from a high of 290 crashes per 10ML fuel sales in 
February 2009 to a low of 158 crashes per 10 ML fuel sales in January 2011 (Figure 1). 
Fatal crash rates ranged from a high of 6.9 crashes per 10ML fuel sales in March 2008 to a 
low of 2.1 crashes per 10ML fuel sales in February 2011 (Figure 2), and SVNF crash rates 
ranged from a high of 3.2 crashes per 10ML fuel sales in May 2004 to a low of 0.6 crashes 
per 10ML fuel sales in May 2007 (Figure 3).
For overall crash rates, results of the Box-Jenkins intervention analyses indicated two 
significant abrupt and permanent decreases in the time series, in June 2009 and June 2010 
(Table 2; Figure 1). The model estimates indicated that the crash rate from June 2009 to 
May 2010 was 11.5% lower than the rate from January 2004 to May 2009 (p<0.001). 
Similarly, the rate from June 2010 to December 2011 was 12.0% lower than the rate from 
June 2009 to May 2010 (p=0.001). Cumulatively, the average overall crash rate from June 
2010 to December 2011 was 22.1% lower than the average overall rate from January 2004 
to May 2009. These declines are reflected in the average monthly overall crash rates of the 
time intervals: from January 2004 to May 2009, the average monthly overall crash rate was 
238.3 crashes per 10ML fuel sales; from June 2009 to May 2010, the average rate was 212.0 
crashes per 10ML fuel sales; and from June 2010 to December 2011, the average rate was 
186.0 crashes per 10ML fuel sales.
Analysis of fatal crash rates indicated that the trend of the series decreased slightly from 
January 2004 to January 2010, when a small but abrupt decline in the expected rate of the 
series was observed. Interpretation of the model estimates indicate that the rate was 18.7% 
lower than expected at this time (p=0.019) (Table 2; Figure 2). However, a positive 
interaction term of trend with the step function dummy variable was significant in the 
model, indicating that the abrupt decline decayed quickly, with the trend of the series 
increasing back to previous rates by January 2011 (monthly percent change=0.9%, p=.025). 
The average fatal crash rate from January 2004 to December 2009 was 4.58 crashes per 
10ML fuel sales, while the average rate from January 2010 to December 2011 was 3.61 
crashes per 10ML fuel sales. The second lowest rate (2.2 crashes per 10ML fuel sales) of the 
entire time series was seen in October 2008, the month the first alcohol levy was enacted.
Analysis of SVNF crash rates revealed patterns similar to that of fatal crash rates (Table 2; 
Figure 3). A quadratic trend term significant in the model indicated that the trend of the 
series decreased slightly from January 2004 to January 2008, after which time a slight 
increase in the trend is observed. An abrupt decline in the series was observed in March 
2010. Interpretation of model coefficients imply that the rate from March 2010 to December 
2011 was 31.1% lower than expected (p=0.016). The average SVNF crash rate from January 
2004 to February 2010 was 1.65 crashes per 10ML fuel sales, while the average rate from 
March 2010 to December 2011 was 1.38 crashes per 10ML fuel sales. The increasing trend 
in the second half of the series indicates a diminishing effect of the decline observed in 
March 2010.
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4. Discussion
The present study examined changes in three types of road traffic crash rates (overall crash 
rates, fatal crash rates, and SVNF crash rates) during a time period in Botswana in which 
there were three important alcohol and road safety-related policies implemented. Findings 
from this study indicate that there were significant declines in the rate of overall crashes in 
Botswana beginning in 2009 and continuing through 2011, as well as a significant decline in 
average fatal crash and SVNF crash rates in early 2010. Since research has shown the effects 
of interventions might not specifically align with the time of intervention implementation 
(e.g., media and other awareness-raising activities might affect behavior before the 
intervention is actually introduced), the analysis approach used in this study took into 
account these possibilities by seeking to identify ‘change points’ and examining these points 
in relation to intervention implementation (Chang et al., 2004, Helfenstein, 1990; 
Helfenstein, 1991).
Our results indicate that the average overall crash rate declined by nearly 12% after June 
2009. The decline began seven months after the first alcohol levy and two months after the 
implementation of increased road traffic penalties and fines under the Road Traffic Act. 
Moreover, the average overall crash rate declined by another 12% after June 2010. This 
second decline began five months before the implementation of the second alcohol levy 
increase. It should also be noted that following the implementation of all three policies, 
overall crash rates were at their lowest levels for the entire time period examined. 
Additionally, in examining fatal and SVNF crash rates, we found decreases in the average 
rates in January 2010 and March 2010, respectively, which then gradually attenuated. The 
fatal crash rate and SVNF crash rate decreases occurred fourteen and sixteen months, 
respectively, after the implementation of the first alcohol levy; nine and eleven months, 
respectively, after the traffic offense penalty and fine increases under the Road Traffic Act; 
and ten and eight months, respectively, before the implementation of the second alcohol 
levy.
These findings suggest that the policies might have impacted overall crash rates; however, 
we were unable to determine to what extent each policy might have contributed to the 
observed decreases. While Chaloupka et al. (1997) found that alcohol price increases can 
lead to decreases in all crashes, particularly among young drivers, few other studies have 
examined alcohol price increases or road traffic offense penalty and fine increases on rates 
of overall crashes. Most studies examine the effects of these policies on crash outcomes that 
are more likely to have involved alcohol (e.g., fatal crash rates, SVNF crash rates) (Elder et 
al., 2010; Wagenaar et al., 2010).
Several studies have examined the impact of alcohol and road traffic policies, and 
particularly alcohol tax policies, on more severe and specific crash outcomes, including fatal 
crashes and alcohol-impaired crashes (Chaloupka et al., 2002; Elder et al., 2010; Wagenaar 
et al., 2010; Xu et al, 2011). These studies have consistently documented the inverse 
relationship between alcohol price increases and crash-related fatalities, including alcohol-
related fatalities and single-vehicle nighttime fatalities. Given these findings, it was 
somewhat unexpected that we did not see fatal and SVNF crash rate reductions more closely 
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associated with the implementation of these policies. While we did observe a particularly 
low fatal crash rate in October 2008, when the first alcohol levy went into effect, it was not 
until several months later that significant rate reductions occurred. Additionally, the 
observed reductions in fatal and SVNF crash rates did not closely coincide with the 
implementation of the Road Traffic Act penalty and fine increases, as the reductions 
occurred several months later. Research examining the effectiveness of increasing fines or 
penalties on crash rates has produced inconsistent results. Some studies suggest that 
increased penalties for road traffic offenses can lead to increases in certain road user 
behaviors (e.g., belt use) and reductions in the crash-related injuries and fatalities (Nichols et 
al., 2010; Novoa et al., 2011; Zambon et al., 2007). However, other studies have found that 
increased penalties and fines are not necessarily associated with road user behavior changes 
(e.g., speeding, alcohol-impaired driving) (Bjornskau & Elvik, 1992; Elvik & Christensen, 
2007; Lawpoolsri et al., 2007; Wagenaar et al., 2007).
In general, the timing of the decreases and the attenuation of fatal and SVNF crash rate 
decreases observed in our study in relation to the implementation of the alcohol and road 
safety policies is difficult to explain. However, one possible explanation is that rate 
reductions were related to several collective efforts to improve road safety that accumulated 
during this time period. In addition to the implementation of the three policies described 
above, several other alcohol and road safety-related efforts were carried out during this time 
period which were difficult to capture by intensity or by specific time points. For example, 
funds from the levies were used to conduct community outreach and education on alcohol 
abuse and alcohol-related harms. Additional resources from a Traffic Fines Fund were used 
to support enforcement and road safety education programs. The Police Service also 
received new equipment for use in conducting sobriety checkpoints and saturation patrols 
and increased enforcement efforts of not only impaired driving but also speeding and non-
compliance with road traffic lights and other road traffic regulations. Finally, several 
controls and changes to the operating hours of bars, nightclubs, liquor outlets, and festivals 
were implemented during this time period. The attenuation of the fatal and SVNF crash rate 
decreases might be the result of a later decline in certain road safety-related efforts, or may 
be from decreased public attention over time. Without sustained efforts, improvements in 
road safety can lessen (Williams et al., 2004).
This study was subject to at least three limitations. First, the reliability of surrogate measures 
for alcohol-impaired crashes (e.g., SVNF crashes) in Botswana has not, to our knowledge, 
been investigated. Second, our ability to analyze changes in crash rates by driver 
characteristics (e.g., gender, age) was limited due to a lack of information about road use by 
driver type. The policies we examined might have impacted certain road user groups (e.g., 
young adult males) more than others. However, without the ability to account for specific 
groups’ changing density on the roads over time, we cannot determine whether changing 
crash numbers in various demographic groups might be attributed to changing road use or 
some other factor. Third, the surrogate measure that we used to capture road use (i.e., fuel 
sales) is only an approximate measure for VMT. Additionally, since monthly fuel sales were 
interpolated for five years, crash rates may be overestimated or underestimated for some 
months. To examine the quality of our interpolated data, we compared three years of 
interpolated fuel sales estimates to the actual monthly fuel sales data and found that a few 
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months (e.g., June, December) frequently had five to ten percent greater monthly fuel sales 
reported than was predicted, while the month of January often had sales five to ten percent 
lower than predicted. The December and January sales patterns correspond to payroll cycles 
in Botswana, when employees are paid earlier in December than is usual, but then have a 
longer span of time until their next payday in January. It is unclear whether the fuel sales 
corresponded with increased or decreased driving during these months, or if the driving 
occurred in a consecutive month. While overestimation or underestimation of rates for 
certain months would affect the predictive power of the monthly rates, it most likely has 
little impact on the mean of the series or changes in the mean of the series, as the over- and 
under-estimates will offset each other.
Over the last several years, a majority of middle-income countries have continued to see 
increases in road traffic-related death rates (WHO, 2013); however, Botswana has 
documented impressive reductions. Botswana’s recent crash rate reductions have occurred 
during a time when aggressive policies (i.e., levies, increases in traffic offense penalties and 
fines) and other activities (e.g., education, enforcement) were implemented to reduce alcohol 
consumption and improve road safety. While it is unclear which of the policies or activities 
contributed to these declines and to what extent, these reductions are likely the result of 
several, combined efforts. Further evaluation of the reach and effects of educational and 
enforcement activities could provide a better understanding of the contributions of these 
efforts. As Botswana continues to work toward reducing traffic-related injury and death 
rates, sustaining a multi-faceted approach to road safety will be needed for continued 
improvements (Peden et al., 2004).
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Figure 1. 
Crash rates per 10 million liters of fuel sales by month, Botswana, 2004–2011
Sebego et al. Page 11
Accid Anal Prev. Author manuscript; available in PMC 2015 December 31.
Author M
anuscript
Author M
anuscript
Author M
anuscript
Author M
anuscript
Figure 2. 
Fatal crash rates per 10 million liters of fuel sales by month, Botswana, 2004–2011
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Figure 3. 
Single-vehicle nighttime fatal crash rates per 10 million liters of fuel sales by month, 
Botswana, 2004–2011
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